We present optical photometry of the afterglow of the long GRB 180205A with the COATLI telescope from 217 seconds to about 5 days after the Swift/BAT trigger. We analyse this photometry in the conjunction with the X-ray light curve from Swift/XRT. The late-time light curves and spectra are consistent with the standard forward-shock scenario. However, the early-time optical and X-ray light curves show non-typical behavior; the optical light curve exhibits a flat plateau while the X-ray light curve shows a flare. We explore several scenarios and conclude that the most likely explanation for the early behavior is late activity of the central engine. Subject headings: (stars) gamma-ray burst: individual (GRB 180205A).
INTRODUCTION
Gamma-ray bursts (GRBs) are, during their brief lives, the most luminous events in the Universe. Observationally, they are typically classified according to their duration T 90 (Kouveliotou et al. 1993 ) as short GRBs and long GRBs. Short GRBs are thought to arise from the fusion of compact objects (Lattimer & Schramm 1976; Paczynski 1986 Paczynski , 1991 Lee & Ramirez-Ruiz 2007) , whereas long GRBs are thought to arise from core-collapse supernovae in massive stars (Woosley 1993; MacFadyen & Woosley 1999) .
The most successful theory for interpreting the electromagnetic radiation from both types of GRBs is the fireball model (recently reviewed by Kumar & Zhang 2015) . This model distinguishes two stages: the prompt or early phase and the afterglow or late phase. The prompt phase is simultaneous with bright emission in gamma rays produced by internal shocks in the jet driven by the central engine. The afterglow phase is produced by the external shocks between the outflow and the circumstellar environment (e.g., Kumar & Piran 2000; Fraija 2015) . While the general ideas behind the fireball model seem to be clear, it is important to compare the detailed predictions of the model with observational data of GRBs in order to determine which facets of the model are important in individual case, to determine the ranges of macrophysical and microphyical parameters, and to understand the diversity of GRBs. This process leads to a better understanding both of GRBs and of the environments in which they develop.
These ideas are the main motivation of this paper. Here, we present photometric observations of the long GRB 180205A in the optical and in X-rays during the afterglow phase and compare them to the detailed predictions of the fireball model. GRB 180205A was one of the brightest GRBs in the last few years and presented a bright optical counterpart. It was well observed by many collaborations; in total, there were 22 GCN Circulars related to GRB 180205A. In this paper we present new optical photometry of the bright GRB 180205A with the COATLI telescope in the w filter. This paper is organized as follows: in §2, we present our observations with COATLI and observations from other telescopes. In §3 we explain the afterglow model that we use, and we fit the data using segments of power-law. In §4, we interpret the observations in the context of the fireball model. Finally, in §5 we discuss the results and summarize our conclusions. In Appendix A we describe briefly the state and main features of COATLI as well as its characterization and response.
OBSERVATIONS
2.1. Fermi Observations The Fermi/GBM instrument triggered on GRB 180205A at 2018 February 05 04:25:25.393 UTC (trigger 539497530/180205184) and observed several pulses with a T 90 duration of 15.4 ± 1.4 seconds, making GRB 180205A a long GRB, and a 10-1000 keV fluence of (2.1 ± 0.1) × 10 −6 erg cm −2 (von Kienlin et al. 2018; Narayana Bhat et al. 2016) . The burst was apparently not detected by the Fermi/LAT instrument.
Taking into account the values of the fluence and peak energy reported by the Fermi/GBM collaboration (von Kienlin et al. 2018) , the corresponding total isotropic energy is approximately 1.1 × 10 52 erg for z = 1.401 (Amati et al. 2002) .
Neil Gehrels Swift Observatory

arXiv:1901.06051v1 [astro-ph.HE] 18 Jan 2019
The Swift/BAT instrument triggered on GRB 180205A at T = 2018 February 05 04:25:29.33 UTC (trigger 808625) and observed a multi-peaked structure from about T − 7 seconds to about T + 11 seconds, with major peaks at about T − 5 seconds and T + 0 seconds (Krimm et al. 2018) .
The Swift/XRT instrument started observing the field at T + 162 seconds in WTSLEW mode and at T + 181 seconds in WT mode. It detected a bright, fading source at 08:27:16.72 +11:32:31.6 J2000 with a 90% uncertainty radius of 1.5 arcsec (Evans et al. 2018; Page et al. 2018 ). The 0.2-10 keV flux in the initial 2.5 s image was 9.50 × 10 −10 erg cm −2 s −1 (Evans et al. 2018) . We reduced the WT and PC mode data using the pipeline described by Butler (2007) and Butler et al. (2007) . We then extended the light curve to earlier times using the WTSLEW data reduced by the UK Swift Science Data Centre (Evans et al. 2009 ) using the same counts-to-fluxdensity calibration as in our analysis of the WT and PC data.
The Swift/UVOT instrument started observing the field at T + 181 seconds and detected a bright, fading source at 08:27:16.74 +11:32:30.9 J2000 with a 90% uncertainty radius of 0.42 arcsec (Page et al. 2018; Emery et al. 2018) . The source faded in the white filter from magnitude 15.75 ± 0.02 at T + 182 to T + 331 seconds to magnitude 16.33 ± 0.02 at T + 540 to T + 732 seconds (Emery et al. 2018 ).
COATLI COATLI
1 is a robotic 50-cm telescope at the Observatorio Astronómico Nacional on the Sierra de San Pedro Mártir in Baja California, Mexico (Watson et al. 2016) . COATLI is currently operating with an interim instrument, a CCD with a field of view of 12.8×8.7 arcmin and BVRIw filters. Our observations of GRB 180205A with COATLI are discussed in detail in Appendix A, and are summarized briefly here.
COATLI started to observe GRB 180205A at 04:29:06.3 UTC, which was only 10.7 seconds after receiving the GCN/TAN alert packet. However, despite this fast response, our first observation started at T + 217.0 seconds. The relatively long delay was due to a satellite telemetry problem (Evans et al. 2018) , which meant that COATLI did not receive the usual GCN/TAN BAT alert packets but only the later GCN/TAN XRT alert packet.
All of our COATLI observations are 5 second exposures in the clear w filter. The read time for the CCD is about 4 seconds, so the cadence was typically about 9 seconds. The telescope dithered, taking ten images in one dither position before moving to the next dither position. Up to T +1500 seconds, we consider the exposures individually. From T + 1500 seconds to T + 9000 seconds, we combine sets of 10 exposures taken over about 86 seconds. From T + 9000 seconds to the end of the first night we combine sets of 50 exposures taken over about 500 seconds to improve the signal-to-noise ratio. On subsequent nights, we combine all the frames with a FWHM of 2.8 arcsec or less.
We performed aperture photometry using Sextractor (Bertin & Arnouts 1996) with an aperture of 3.5 arcsec diameter. Table 3 gives our aperture photometry. For 1 http://coatli.astroscu.unam.mx/ each image it gives the start and end times of the observation, t i and t f , relative to the trigger time T the total exposure time, t exp , the AB magnitude w (not corrected for Galactic extinction) and the 1σ total uncertainty in the magnitude (including both statistical and systematic contributions).
For a wide filter like the COATLI w filter, the extinction in general depends on the spectral shape (see Appendix A). Table 2 shows the estimated spectral indices β using colors reported by the GROND team (Bolmer & Kann 2018a,b) at two epochs and the corresponding values of A w for an extinction of E(B-V)=0.03 (Bolmer & Kann 2018a ). For such a low extinction the dependence on the spectral shape is weak, and so we adopt A w = 0.08. Figure 1 shows the COATLI light curve and photometry from Swift/UVOT (Evans et al. 2018; Emery et al. 2018) , GROND (Bolmer & Kann 2018a,b) , Hankasalmi (Oksanen et al. 2018) , Mondy (Mazaeva et al. 2018) , Nanshan (Zhu et al. 2018) , DOAO (Im et al. 2018b ) and Nickel/KAIT (Zheng et al. 2018; Falcon et al. 2018 ). Zheng et al. (2018) confirmed the bright, fading optical counterpart in observations with KAIT, which started observing the field at T + 371 seconds. They detected the source in their clear filter at about magnitude 15.6, and observed that it faded by about 1.2 magnitudes over the next 22.5 minutes. Bolmer & Kann (2018a) Cunningham et al. (2018) . Tanvir et al. (2018) obtained a spectrum at T + 1.5 hours that showed many absorption features, including C II, Si II, Si II*, Al II, Fe II, Mg II, and Mg I, at a common redshift of z = 1.409 and concluded that this was the redshift of the GRB.
Other Terrestrial Observations
Wiersema & Covino (2018) measured a low polarization of P ∼ 0.9% in R at T + 2.5 hours.
3. X-RAY AND OPTICAL, TEMPORAL AND SPECTRAL ANALYSIS 3.1. Temporal Analysis The prompt emission from the GRB detected by Fermi/GBM and Swift/BAT lasted until about T + 11 seconds. The earliest complementary data are from Swift/XRT starting at T + 162 seconds, Swift/UVOT at T + 181 seconds, and COATLI at T + 217 seconds. Therefore, we focus our analysis on the afterglow. In our analysis of the early afterglow, we mainly use the XRT and COATLI data, since the UVOT data are in different filters and have relatively long exposures (39-147 seconds). Figure 2 shows the optical and X-ray light curves for GRB 180205A corrected by galactic extinction. We will fit the light curves with segments of temporal power-laws F ν ∝ t −α , in which F ν is the flux density, t is the time since the BAT trigger, and α is the temporal index. The power-law fits are summarized in (Evans et al. 2018; Emery et al. 2018) , GROND (circles) (Bolmer & Kann 2018a,b) , Mondy (cross) (Mazaeva et al. 2018) , Hankasalmi (square) (Oksanen et al. 2018) , Nanshan (diamonds) (Zhu et al. 2018) , DOAO (plus) (Im et al. 2018b) , Nickel/KAIT (triangles) (Zheng et al. 2018; Falcon et al. 2018) , and COATLI (stars) (this work). The photometry has not been corrected for Galactic extinction. 163 < t < 260 seconds, we see a bright flare in X-rays with a peak at about t = 188 seconds. Currently, there is no widely accepted standard model for fitting an X-ray flare. Empirically, we fit two broken power-law segments in order to obtain parameters to describe it. The rise has α X,rise = −4.82 ± 1.88 for 163 < t < 188 seconds and the decay has α X,decay = 6.08 ± 1.15 for 188 < t < 260 seconds. We note that the uncertainty on the rising index is large due to the short time over which it is observed (163 < t < 188 seconds and only 7 XRT data points). Nevertheless, it is clear that the behavior prior to peak is not consistent with an extrapolation to earlier times of the subsequent decay.
2. The X-ray light curve for t > 260 seconds. This region can be fitted as a power-law with a temporal index of α X,normal = 0.98 ± 0.03. This is a typical normal decay phase seen in many afterglows ).
3. The optical light curve for t < 454 seconds. This region can be fitted with a temporal index of α O,plateau = 0.53 ± 0.02. This is a plateau phase. Our optical observations begin at t = 217, significantly after the peak of the X-ray flare at t = 188 seconds but nevertheless before the end of the flare at t = 260 seconds. We see no strong evidence for a counterpart optical flare; between t = 188 and t = 260 seconds the X-ray flux falls as F ∝ t −6.08 , but the optical flux only falls as F ∝ t −0.53 in accordance with the gentle power-law decline that continues to later times.
4. The optical light curve for t > 454. This region can be fitted as a power-law with a temporal index of α O,normal = 0.78 ± 0.01. This is a typical normal decay phase seen in many afterglows ). -Left: Light curves and broken power-law fits of GRB 180205A in w from COATLI (black data and green fits) and X-rays from Swift/XRT (blue data and pink fits) at 1 keV. Right: X-ray flare multiplied by a factor of 30 and the beginning of the optical plateau.
Spectral Analysis
We fit the photometry with a spectral power-law F ν ∝ ν −β , in which F ν is the flux density, ν is the frequency, and β is the spectral index. Figure 3 shows the evolution of the SED. The dashed line shows the spectral index obtained from our fits to the COATLI and XRT light curves. The points are directly calculated from the COATLI and XRT flux densities. The spectrum evolves rapidly from β ≈ 0.5 during the flare to a steeper spectrum with β ≈ 0.75 to 0.8 during the optical plateau, and then evolves more slowly to about β ≈ 1.0 at late times. Figure 4 shows the spectrum at late time in more detail. We produced the Swift/XRT X-ray spectrum for 10000 < t < 918651 seconds using the pipeline described by Butler (2007) and Butler et al. (2007) and added the optical point from our COATLI data interpolated over the same interval. Fitting the XRT spectrum directly, we obtain an X-ray index of β X,normal = 1.13 ± 0.10, whereas at the same time the global index from the optical to X-rays is β = 0.7 − 0.8. This suggests that there is a spectral break between the optical and the X-rays, with a predicted spectral index of β O,normal = 0.52 ± 0.02 in the optical; this is explained in more detail in the next section.
THEORETICAL INTERPRETATION
The long-lived emission of the afterglow is most commonly explained by the synchrotron forward-shock model. The distribution of electron energies is assumed to be given by a power-law N (γ) ∝ γ −p in which γ is the Lorentz factor of the electron and p is the index. The observed synchrotron flux is formed by a series of powerlaw segments F ν ∝ t −α ν −β in time t and frequency ν. The date are from COATLI and XRT in the interval 10000 < t < 918651 seconds. The dashed line is a combination the fitted spectrum at high frequency and the predicted spectrum below the cooling break at lower frequency. Sari et al. (1998) and Chevalier & Li (2000) derived the synchrotron light curves when the outflow is decelerated by a constant-density interstellar medium (ISM) and the stellar wind of the progenitor. The proportionality constants of synchrotron fluxes in both regimes are explicitly computed by Fraija et al. (2016b) and Fraija (2015) for a ISM and stellar wind densities, respectively.
Assuming an efficiency of η ≈ 20% and a typical value for ISM density n = 1 cm −3 (e.g. see Santana et al. 2014; Nysewander et al. 2009; Sari et al. 1996) , we derive, using the theoretical model described by Fraija et al. (2017b) and the Chi-square minimization method (Brun & Rademakers 1997) , the microphysical parameters that describe the X-ray and optical afterglow of GRB 180205A. We obtain values of B = 8 × 10 −4 and e = 0.1 which agree with previous estimations of these parameters (see, e.g., Kumar & Barniol Duran 2010; Fraija et al. 2017b) .
The light curves of GRB 180205A in X-rays and in the optical are not untypical. At early times, we see an X-ray flash and a plateau in the optical. At later times, both light curves decrease more steeply in a normal decay phase. We begin by analysing the normal decay phase in order to provide a constraint on the population of relativistic electrons. We then assume continuity in this population and consider the earlier phase and possible explanations for the X-ray flare and the absence of a counterpart optical flare.
Normal Decay Phase
For t > 454 seconds the X-ray light curve (Figure 2 ) can be fitted with a simple power-law with a temporal index of α X,normal = 1.02 ± 0.03. Furthermore, for T + 10000 to T + 918651 seconds the X-ray spectrum can be fitted with a simple power-law with a spectral index of β X,normal = 1.13 ± 0.1. We suggest that this X-ray emission arises above the cooling break (ν c < ν) in a slow-cooling scenario (Sari et al. 1998) , and so expect F ν ∝ ν −p/2 t (2−3p)/4 . Our observed value of α X,normal implies p = 2.03 ± 0.04 and subsequently β X,normal = 1.02 ± 0.02. The value of p is consistent with the range of values typically for GRB afterglows and the predicted value of β X,normal is consistent with our observation of β X,normal = 1.13 ± 0.1
For the optical, we suggest emission below the cooling break (ν m < ν < ν c ) in a slow-cooling scenario, and expect F ν ∝ ν −(p−1)/2 t 3(1−p)/4 for jet being driven into a constant-density environment (Sari et al. 1998) . Our predicted value of p gives a predicted value of α O,normal = 0.77 ± 0.03, in good agreement with the observed value of 0.78 ± 0.01. A jet being driven into a decreasing-density stellar-wind environment would give a much steeper decay (1.27 ± 0.03), which is not consistent with the observed behavior. Our predicted value of p also predicts a spectral index β O,normal = 0.52 ± 0.02, which is in good agreement with the values of 0.51-0.55 observed by GROND at 780 seconds (Table 2) but not such a good agreement with the redder values observed at later times by the same group (Table 2 ). This may indicate that the cooling break is approaching the optical at later times. In Figure 4 , we show the combined spectrum from the optical to the X-rays, which supports the presence of a cooling break between these regimes.
It is clear that the light curves in the normal phase are not perfect power laws. For example there appear to be excesses in the optical from 5000-8000 seconds and perhaps on the second night at around 80,000 seconds. These departures in the light curve might be produced by density variations (Lazzati et al. 2002) .
Plateau Phase
For t < 454 seconds, the optical light curve exhibits a flat plateau with a temporal index of α 0,plateau = 0.53 ± 0.02. A priori, one might think that this phase corresponded to emission above the cooling break (ν c < ν < ν m ) in the fast-cooling scenario (Sari et al. 1998) , which would give α = 0.25. However, we are unable to find values of microphysical parameters and circumburst density that give a transition time (at which ν c = ν m ) to the normal decay phase of around 454 seconds (Fraija et al. 2017a) . Even with extreme microphyiscal conditions, this break occurs no later than T + 10 seconds. Therefore, we reject this idea and postulate that the plateau phase is powered by late central-engine activity.
X-Ray Flare
While the optical light curve shows a plateau, the Xray light curve shows a bright X-ray flare with a peak at t = 188 seconds and a variability timescale of δt/t ∼ 0.3. The X-flare can be fitted with two power-laws with rising and decaying indices of α X,rise = −4.82 ± 1.88 and α X,decay = 6.08 ± 1.15, respectively. The X-ray flux at the peak of the flare is about 7 times larger than the X-ray flux in the normal decay phase immediately after the flare. The X-ray flare released about 5% of the total energy observed in gamma-rays during the prompt phase. Notably, the X-ray flare does not have a counterpart in the optical. In the following subsections, we discuss the possible explanations of the origin of this flare. For the analysis, we assume the same electron index p = 2.03 ± 0.04 derived in §4.1.
Reverse Shock Emission
A reverse shock is expected when the expanding relativistic ejecta encounters the ISM; a forward shock is driven into the ISM and a reverse shock is driven upstream. In the reverse shock, electrons are heated and cooled primarily by synchrotron and Compton scattering emission. A reverse shock is predicted to produce a single flare (see, e.g., Kobayashi et al. 2007; Fraija et al. 2012 Fraija et al. , 2017c . After the peak of the reverse shock, no new electrons are injected and the shell material cools adiabatically (Fraija et al. 2016a ). The evolution of reverse shock can be considered in the regime where the flare is overlapped (thick) or separated (thin) from the prompt emission. Since the X-ray flare in GRB 180205A occurs much later than the prompt emission, any corresponding reverse shock must have evolved in the thin-shell case. Kobayashi et al. (2007) discussed the generation of an X-ray flare by Compton scattering emission in the early afterglow phase when the reverse shock evolves in the thin-shell case. They found that the X-ray emission created in the reverse region displays a time variability scale of δt/t ∼ 1 and varies as F ν ∝ t 5(p−1)/4 before the peak and ∝ t −(3p+1)/3 after the peak. However, when the high-latitude emission due to the curvature effect is present, the flux decays as F ν ∝ t −(3+p)/2 . For an electron spectral index of p = 2.03 ± 0.04, we expect the temporal index of the rise to be 1.6 and for the decay to be 2.5 in the absence of curvature effects and 2.6 in their presence. Thus, these values cannot account for the observed values of α X,rise = −4.82 ± 1.88 and α X,decay = 6.08 ± 1.15. Furthermore, as indicated by Kobayashi et al. (2007) , this mechanism cannot produce the short variability timescale of δt/t ≈ 0.3 observed in GRB 180205A. Finally, a reverse shock would be expected to produce an optical counterpart to the X-ray flare, and this is not seen. Therefore, we conclude that a reverse shock is not a plausible mechanism for the X-ray flare of GRB 180205A.
Neutron Signature
Another important mechanism that might explain the X-ray flare is the presence of neutrons in the fireball (Derishev et al. 1999; Fraija 2014a,b) . At a large distance from the progenitor, when neutrons and ions have been fully decoupled, ions begin to slow down and neutrons form a leading front. Later, a rebrightening in the early afterglow is expected when neutrons decay and their daughter products in turn interact with the slowing ions (Beloborodov 2003) . Fan & Wei (2005) developed this mechanism analytically and predicted the light curve. They reported that when the ejecta evolve in ISM, the variability timescale should satisfy δt/t ∼ 1, the flare should be present in all electromagnetic bands, and the light curve should be characterized by a slowly rising flux followed by a sharp rebrightening bump. This does not describe the flare in GRB 180205A which exhibited a variability timescale of δt/t ≈ 0.3, a fast rising index of −4.82 ± 1.88, and no counterpart flare in the optical. Therefore, we conclude that neutron-proton decoupling is not a plausible mechanism for the X-ray flare of GRB 180205A.
Two-Component Jet
Ejecta with two components (one ultra relativistic and another mildly relativistic) have been proposed to explain the X-ray/optical flares and/or rebrightening emission in afterglow light curves (Granot 2005; Racusin et al. 2008 ). Granot (2005) derived the two-component jet light curves and found that this model cannot produce very sharp features in the light curve. In addition, the flux decay after the peak of the second component should be described by the standard afterglow model, and the variability timescale should satisfy δt/t ∼ 1. Again, this model cannot reproduce the variability timescale δt/t ≈ 0.3 and the fast rise and decay of the X-ray flare.
Late Central-Engine Activity
In the context of late central-engine activity, the relativistic jet contains multiple shells and the X-ray and optical flares are the result of repeated internal shocks between these shells. The light curves are the superposition of the normal prompt emission and afterglow from the initial activity and flares from late activity.
Diverse origins have been suggested for late activity, including fragmentation of the core associated to the progenitor during the collapse (King et al. 2005) , rupture of the accretion disk due to gravitational instability at large radii in different time intervals (Proga & Zhang 2006; Perna et al. 2006 ) and a neutron star with differential rotation (Dai et al. 2006) .
The fast rise comes naturally from the short timevariability of the central engine and of the internal shocks. The observed variability timescale of the X-ray flare is much shorter than the duration of the late activity δt/t < 1. For a randomly co-moving magnetic field due to internal shell collisions, the flux, in the emitting region, decays as F ν ∝ t −2p in the slow cooling regime (see e.g.; Zhang et al. 2006) .
Internal shocks induced by the late activity can account for an X-ray flare without a strong counterpart flare in the optical bands (e.g. Burrows et al. 2005) . For instance, the typical synchrotron energy is E (Fraija et al. 2017a ) which, for typical values of the luminosity L, Lorentz factor Γ, B , and t ν is only observable in X-rays.
For GRB 180205A, assuming continuity in the value of electron spectral index p = 2.03 ± 0.04, the X-ray flux is expected to decline rapidly with an index of 4.06 ± 0.08. Therefore, the value of the decaying index is in agreement with the best-fit value α X,decay = 6.08 ± 1.15. (We note that late activity might produce electrons with a different value of p to the normal phase, but even so we do not expect a value that is much different from p = 2.0-2.3, and so this conclusion would remain the same.) The variability time scale of δt/t ∼ 0.3 is consistent with an expected value around δt/t 0.1 for late activity.
Finally, the absence of a strong optical counterpart flare is also consistent with late activity. The total energetics of the flare suggest that late activity released about 5% of the energy that was released during the prompt emission.
GRB 180205A is not the first event to show signatures of late central activity from early observations; there are several cases explained using this scenario, for example GRB 011121 (Fan & Wei 2005) , GRB 050406 (Burrows et al. 2005), GRB 050502B (Burrows et al. 2005) , GRB 100814A (Nardini et al. 2014) , and GRB 161017A (Tachibana et al. 2018) . Dall'Osso et al. (2017) studied the flares cataloged by Margutti et al. (2010) and concluded that many could be explained by late activity. The flare observed in GRB 180205A is similar to many of these other flares in terms of t peak , duration, and t decay , which further motivates our interpretation of its origin as being due to late central-engine activity.
SUMMARY
We have presented optical photometry of the afterglow of GRB 180205A with the COATLI telescope and interim instrument (Watson et al. 2016) . COATLI received an automated alert at T + 206.3 seconds, and its quick response allowed us to obtain photometry of the early afterglow from T + 217.0 seconds, only 10.7 seconds after the alert.
We compare the optical light curve from COATLI with the X-rays light curve from XRT. We see an early X-ray flare from the start of the observations at T +163 seconds, with a peak at about T + 188 seconds, and lasting until about T + 260 seconds. The X-ray flare does not have a detectable optical counterpart flare; the early optical light curve shows a plateau to about T + 454 seconds. The flare and plateau are followed by a normal decay in both X-rays and the optical.
We compare the data to the predictions of models. We find that the normal decay of the afterglow is most convincing explained as a forward shock against a surrounding homogeneous ISM rather than against a remnant stellar wind. The properties of the flare cannot be easily explained by reverse shock emission, neutronproton decoupling, or a two-component jet. The flare is most consistently explained by late activity of the central engine; this can explain the fast rise and fall and the absence of an optical counterpart flare.
Our observations of GRB 180205A add to our understanding of the early stages of GRB evolution and the transition from the prompt phase to the early afterglow. While earlier observations give hints of the range of behavior in this transition, we think it is fair to say that observations have not yet really been able to provide strong guidance for theory. Over the next few years, we plan to use the COATLI telescope to conduct early follow-up observations of GRBs discovered by the Neil Gehrels Swift Observatory, and anticipate that these efforts will expand our empirical understanding of this important area.
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A. COATLI OBSERVATIONS
A.1. Hardware The COATLI telescope is an ASTELCO Systems 50-cm f/8 Ritchey-Chrétien reflector with protected aluminum coatings. The telescope does not currently give images better than 1.4 arcsec FWHM because of incorrectly figured mirrors; the vendor plans to replace the mirrors in fall 2018.
COATLI is equipped with an interim instrument consisting of a Finger Lakes Instruments ML3200 detector with a Kodak KAF-3200ME monochrome CCD and a Finger Lakes Instruments CFW-1-5 filter wheel. Our medium-term plans are to replace this with an imager with fast guiding and active optics (Watson et al. 2016) .
The CCD has 2184 × 1472 photoactive pixels each 6.8 microns or 0.35 arcsec to a side. We typically bin the CCD 2×2 to give 0.70 arcsec pixels. The field is 12.8×8.7 arcmin with the long axis roughly north-south. The CCD has good peak quantum efficiency from 550 to 700 nm, but is poor to the blue of 400 nm and to the red of 800 nm. The read noise is about 11 electrons.
The filter wheel has BV RIw filters. The BV RI filters are Bessell filters supplied by Custom Scientific. The w filter is a anti-reflection coated BK-7 filter supplied by Custom Scientific. All filters are 5 mm thick and 50 mm in diameter. Figure 5 shows the estimated system efficiency of the COATLI telescope and interim imager at an airmass of 1.5 with and without the w filter. The transmission of the w filter below 380 nm is uncertain; the anti-reflection is optimized for 400-1000 nm, and we have no information on its performance below 380 nm. However, the figure shows that even without the filter the efficiency is falling rapidly into the UV. The pivot wavelength of the system efficiency with the w filter, defined by equation (A16) of Bessell & Murphy (2012) , is 630 nm.
The response of the COATLI w filter is quite different to that of the Pan-STARRS1 w filter (Tonry et al. 2012) . The rising response from 400 to 650 nm is similar, but the Pan-STARRS1 response is then flat to the sharp filter cutoff at 800 nm, whereas the COATLI response falls from 700 nm out to the limit of the CCD response at 1100 nm.
A.2. Response to GRB 180205A COATLI is connected to the GCN/TAN alert system and received an XRT alert packet for GRB 180205A at 04:28:55.6 UTC (T + 206.3 seconds). It immediately slewed to the burst and began observing, with the first exposure starting at 04:29:02.1 UTC (T +212.8 seconds), only 6.5 seconds after the alert.
This quick response is due to several factors: the telescope is mounted on an ASTELCO Systems NTM-500 mount that accelerates at up to 10 deg s −2 to a maximum velocity of 30 deg s −1 ; the control system, derived from the one used at the nearby 1.5-meter Johnson telescope with the RATIR instrument (Watson et al. 2012) , has been tuned to avoid latency; and the scheduler favors observational programs on the same side of the meridian as the center of the Swift field, which helps avoid the maneuver necessary to move from one side of the meridian to the other (since the mount is used in a German equatorial configuration).
Unfortunately, in this particular case, the rapid response was somewhat in vain. The usual GCN/TAN BAT alert packets were not sent, apparently because of a satellite telemetry problem (Evans et al. 2018 ). Therefore, while the first exposure started 6.5 seconds after the alert, this corresponded to T + 212.8 seconds after the Swift/BAT trigger.
Furthermore, there is evidence that the telescope had not settled before the first exposure started; there are streaks in the image and the raw count levels of field stars is lower than in subsequent images by a factor of 6. Therefore, we believe that the exposure effectively started at 04:29:06.3 UTC (T + 217.0 seconds) or 10.7 seconds after the alert and had an effective exposure time of 0.8 seconds.
On the first night of 2018 February 05 UTC, the telescope observed the burst almost continuously from 04:29 UTC to the end of astronomical twilight at 13:21 UTC, interrupting only to refocus about once per hour. The telescope also observed the burst on subsequent nights, finishing on 2018 February 10.
Normally, the control system takes 5 second exposures for the first half hour after the trigger and then switches to 30 second exposures, gaining sensitivity for a given total observing time. However, since the GCN/TAN XRT alert packet does not give the trigger time and since the GCN/TAN BAT alert packets were not sent, no trigger time was available and the control system persisted in using relatively inefficient short exposures. Furthermore, we did not notice this and so failed to manually switch to longer exposures on subsequent nights. (To avoid this in the future, we have now changed the control system to switch to 30 second exposures either half an hour after the trigger or half an hour after the first alert.)
A.3. Reduction The raw images from the COATLI interim imager have a read noise of about 11 electrons and are sampled at 6.2 electrons per DN. This sampling is normally adequate. However, problems can arise if, for example, the sample median of a set of pixels is used as an estimator of the population median, since the sample median can differ from the population median by up to half a DN. This problem appears in Sextractor (Bertin & Arnouts 1996) , which by default estimates the background as 2.5 times the sample median minus 1.5 times the sample mean. To avoid this problem, we add uniform noise between 0 and 1 DN to every pixel prior to reduction. The additional noise of 1/ √ 12 DN or 1.8 electrons is negligible compared to the read noise.
Our reduction pipeline performs bias subtraction, dark subtraction, flat-field correction and cosmic-ray cleaning with the cosmicrays task in IRAF (Tody 1986 ). We performed astrometric calibration of our images using the astrometry.net software (Lang et al. 2010) .
For coadding images, we measured the offsets between the brightest star of the field and then used the imcombine routine of IRAF (Tody 1986) .
A.4. Photometry We obtained raw aperture photometry using Sextractor (Bertin & Arnouts 1996) with a 3.5 arcsec diameter aperture (5 pixels). We chose the aperture equal to 5 pixels after varying the aperture value between 3 and 7 pixels and observing lower noise in the light curves of the field stars.
Observations of about 3000 Pan-STARRS1 stars in other fields (Figure 6) show that for normal stars the transformation from Pan-STARRS1 g and r AB magnitudes (Magnier et al. 2016) to the natural w AB magnitudes of COATLI is well fitted for −0.5 ≤ (g − r ) ≤ 2.5 by
with a standard deviation of σ = 0.017. We applied this equation to Pan-STARRS1 photometry of stars in the field of GRB 180205A to obtain local w standards. We used these local standards to calibrate our raw photometry and produce natural w AB magnitudes of the afterglow.
A.5. Extinction Correction
The COATLI w filter is wide, and so the relation between the extinction in the filter A w and the reddening E B−V is not trivial. Even for a fixed extinction law A λ /E B−V , the relation depends on the spectrum of the source (since blue spectra are more strongly extinguished than red spectra) and is non-linear (since extinction gradually reddens the spectrum).
Using the Cardelli et al. (1989) mean extinction curve for R V = 3.1, we modeled the extinction A w as a function of the reddening E B−V for sources with unreddened spectra F ν ∝ ν −β with −2 ≤ β ≤ +4 and reddenings 0 ≤ E B−V ≤ 1. We then fitted the results, and found
in which a 0 = +2.898, a 1 = −0.187, b 0 = −0.300, and b 1 = +0.026. The deviations between the model results and the fit are at worst 2%, and so are dwarfed by typical uncertainties in the reddening E B−V . Schlegel et al. (1998) estimate E(B − V ) = 0.03 in the direction of the GRB. 
